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(57) Abstract 

The invention relates to a heat treatment method of cereal kernels which enables the decrease in the mould content of the cereal 
kernels without disturbing their germinabilily. The method is especially applicable to the treatment of kernels to be germinated e.g. before 
malting. The invention also relates to the treated cereal kernels, cereal kernel products made of them and their use in malting and brewing. 
Further, apparatuses are described which are applicable to the heat treatment of cereal kernels. 
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Method and apparatus for treating cereal kernels, treat d 
c real kernels and their use 

Field of the invention 

The invention relates to a method of treating cereal kernels (seeds) 
5 to decrease their mould content. The invention also relates to the treated 
cereal kernels, cereal kernel products made of them and to their use in 
malting, brewing, food and feed industry. The invention further relates to 
apparatuses for treating cereal kernels to decrease their mould content. More 
specifically, the method of the invention allows the mould content of the cereal 
10 kernels to be decreased without interfering with the germinability of the 
kernels. This is important particularly in the malting process of the kernels. 

Background of the Invention 

Moulds can be found everywhere in nature, e.g. in the soil and in 
the air, from where they spread to growing grain. Although moulds thus belong 

15 to the natural flora of grain, their wide occurrence is harmful because they may 
reduce the quality of grain and malt made thereof. For example, moulds can 
produce various mycotoxins detrimental to health. In addition, they may e.g. 
decrease the germinability of a kernel and the growth of germs, which is not 
only harmful for seed grain but also for malting of grain. It has also been 

20 shown that the beer brewed from heavily contaminated grain and malt tends to 
gush, which is a big problem for the brewing industry. Gushing is apparently 
due to metabolites produced by Fusarium and other moulds, which 
metabolites survive the process of brewing. 

Kemels are exposed to moulds as soon as they are sown in the 

25 soil. The growth of mould is influenced by many factors, particularly moisture, 
temperature and time. Other significant factors are the supply of nutrients and 
oxygen and the competition between micro-organisms. Growing grain is 
predominated by so-called field fungi, the most common of which are 
Altemaria, Aureobasidium, Cladosporium, Epicoccum, Fusarium, 

30 Cochliobolus, Drechslera and Pyrenophora. Some of the field fungi are plant 
pathogens, the most harmful of which are Fusarium graminearum and F. 
culmorum. Also Cochliobolus sativus and Fusarium ssp. cause plant diseases 
and may be very harmful for the malting process. Humid weather during ear 
maturation and harvesting in particular presents favourable conditions for the 

35 growth of Fusarium moulds. 
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After harvest the grain should be dried rapidly to prevent the moulds 
from further reproduction. Field fungi cannot reproduce themselves in grain 
dried in an appropriate manner (approximately 12 - 13 % moisture content) but 
they remain aliye and reproduce themselves again, if they are exposed to 
5 humid conditions. Poorly stored grain is dominated by so-called storage fungi, 
i.e. Aspergillus and Penicillium, which survive in low moisture contents. Also 
storage fungi reduce the quality of grain and incur health risks both to those 
treating contaminated grain and to those consuming it. 

When grain is malted, the moisture of the grain is increased again 
10 to 45 - 50 % and the supply of oxygen is ensured, whereby the kernel starts 
germinating. The prevailing conditions during the process of malting are. 
however, not only suitable for the germination but also for the growth of 
moulds. A large amount of moulds is harmful for the process. 

Malting aims at effecting physical, chemical and biochemical 
15 changes in the kernel. The malting process comprises three main stages: 
steeping, germination and kilning. First the cleaned and sieved grain is 
steeped in water to achieve the adequate moisture content. When the kernels 
have a sufficient moisture content, they are germinated at 13 - 16°C generally 
at least five days. This way, "green malt" is produced. Actual malt is produced 
20 by drying green malt under controlled conditions in which the temperature is 
slowly raised from about 45°C to about 85»C, whereby the moisture content 
decreases approximately to four per cent. After drying, rootlets are eliminated, 
and they can be used as animal feed. Malt can also be processed into a malt 
extract for the food industry, for example. 
25 Already at the stage of steeping during malting, the mould content 

of grain may rise, and it rises further at the stage of germination. Normal 
kilning of the malt does not substantially decrease the mould content of the 
kernels either. 

Malt is mainly used for brewing beer, but also for the production of 
30 distilled spirits. Brewing comprises wort production, main and secondary 
fermentations and post-treatment. First the malt is milled, stirred into water and 
heated. During this "mashing", the enzymes activated in the malting degrade 
the starch of the kernel into femnentable sugars. The produced wort is clarified, 
yeast is added, the mixture is femnented and a post-treatment is performed. 
35 Many moulds are known to produce toxic compounds, i.e. 

mycotoxins. which may prejudice animal and human health. They may also 
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.arm malting and brewing. Thus, if there are a lot of '"^^^^J^;^ 
nrobabillty of mycotoxins is also higher. The most exammed r^ycotoxms 
gr^lgTn grain originate from Fussnu.. CocM/cbo/u. sstivus. Asperg.i,us 

^'-"^"^o.^l^^^^^^^ ^, „ are no. only pathogens of 

cereais but aiso potential soo.es of various myoo^xins. ^X'^^^Z 
mvcotoxins are trichothecenes, zearalenone (ZEN) and rts denvatives 
3lins moniliformin, fusarochromanones and fusaric 
dlerent trichothecenes have been identified and charactenzed. 
0 has focused on Type A trichothecenes, including T-2 toxin, neosolan,ol (NEO) 
0 has focused on i yp trichothecenes, compnsing 

and diacetoxyscirpenol (DAS) ana on i ypo 
• deoxynivalenol (DON, i.e. vomitoxin) and its acetyl denvatives (3-ADON and 
IsToN) nivalenol (NIV) and fusarenon X. Fusarium mycotoxins and the 
aco' affecting them are presented In J.P.F. D^Mello and A M.a Macdonald. 
, K <!„n,» Factors Affecting the Production of Fusarium Mycotoxins, p. 35 - 44, in. 
" !p" XZ LttLs in cereals: An Emer^n, ProWem?. HandbooK for 
f«,.r+h QAr ronference October 1996. Edinburgh. 
■ '° ' in ;1^ h^er -Mycotoxins in Malting and Brewing" of the above- ., 
mentioned worK, B. Ranigan (p. 45 - 55) discusses the effect^o myco ox,n^^ 
20 on the malting and brewing industry. It Is stated therein e.g. that the harmful 
Z^TcZllobolus sativus and Fusarium ssp. moulds on gem.,nab,lity .s^ 
™d^ C^part to their production of mycotoxins, or o^2;^^Z^ 
metabolites. Trichothecenes produced by Fusarium ssp. are 'nh.brtory to the 
p^Sm synthesis and thus reduce the production of alpha-amylase important 
25 fo7 malting Also the alpha-amino nitrogen concentratrans m the wort 
^L^TFusarium moulds may produce DON and zearalenone dunng 
I TrlTL malt may also be contaminated wrth toxins produced by 

afLtoxlns, ochratoxin A and some other -VCofo«.ns have b en foun^ beer, 
but in low concentrations. Gushing of beer seems to q 
zearaLoTe or DON. The health risk to humans from consuming mycotox^ 
35 rnSmrnated beer is still uncertain, but the toxic effect of mycotoxins on farm 
nTed on contaminated malting and brewing byproducts is undisputed. For 
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example DON has been found in high concentrations in rootlets used as 
anZ feed, and anatoxins, zeara.enones and ochratoxin A have been found 



•.n the mash wast.. ^^^^^^^^ ^^^^ ^^^^ ^^^^^^^^^ 

■ -onH malt It is naturally worth aiming to dry the gram 

Z^JL Z nd .o store « ,n dry. The growt. o, moulds can 

.n ..e L .V spraying -,d Pes«=ldes Ja^^^^^^^^^^^^^ 
with a genotype resistant to e.g. Fusanum diseases have also been 
Teloped Attempts have been made to reduce hamnful effect of moulds ,n 
deveiopeo. M v supplying microbicidal substances, such as 

rr:; r'nct^en frdm^ead, the addLn of lactic aoid bacteria or 
tTa Ins p:cl?ed by them (WO94m053, during the P.- . 

. A r..c..it* The effect of lactic acid bactena of preventing tne 

' r^r: rrrapZ^: . lea. par«y due to the microbicidal 

^"'^""n:«%*™*od Of decreasing the mould content o. cereal 

. rrf r^=rrrtrcts-rr^^ 

content of cerea' Kernels without disturbing the ^e-ina WV pa^rne^^^^ o^^e 
or=in The invention thus enables the improvement of the quality or gram. 

30 gushing of beer and risks to animal and human health. 

^""''TmrdTrrention of treating cereal Kernels (seeds, is 

character^rd^y exposing the Kernels to - -^^^rdTcr^^^^ 

• J ^-F ♦jr«o th^it the mou d content of the Kemeis uev^ioa^p^ 
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is characterized in that it is treated with the method of the inver,tion and the 
cereal kernel product is characterized in that it Is made of the cereal kernel of 
rinvenuon The invention also relates to the use of said cereal kerne s ,n 
malting and the use of said cereal kernel products in brewing. An apparatus of 
L invenuon for treating cereal kernels is characterized in that ,, compnses 
transport means (1) to transport the cereal kernels, steam '««=^'"9/"^^ 
to treat the cereal kernels with steam and air cooling means (3) to cool me 
cereal kernels with air, whereby the steam feeding means are adapted 
upstream of the air cooling means in the transport direction of the transport 
mer Another apparatus of the invention is characterized in that ,. compnses 
a feed box (14) to feed the kernels, a vertical pipe (13) contain.ng a control 
cone (16) to disperse the kernels, and steam feeding means (19) to treat the 
kernels with steam. The preferred embodiments of the invention are disclosed 

in the dependent claims. . ^ 

cereal kernels am living material, which nomially have to be treated 
gently so as to avoid affecting their viability. It is also well-known that moulds 
LJ,e quite well the controlled heat treatment used In the kiln.ng of green 
Therefore it is surprising that the cereal kernels- can be ^^^'^^'^ 
such a mannerthat their mould content decreases S-™"^"^^'"'^ ""^ 

weakened. In fact, the heat treatment described below was fi^t tested on 
green malt, to which .was not suited, because the enzyme act-ty of he ma, 
fell completely and the kernel "died". Thus, it was not to be expected that the 
m™ntent of a non-malted cereal kernel can be minimised w'<^- prope^ 
heat treatment without ham,ing the viability of the kernel, such as gemi,nata^^ 
pammeters, and vital enzymes, e.g. a-amylase and p-glucanase aC,v,t,es, 
Which are important during germination. 

Brief description of the drawings 

Figure 1 shows an apparatus for treating cereal kemels to decrease 

their mould content; . . * +hr» ammmt of 

) Figure 2 illustrates the effect of heat treatment on the amount of 

l<ernels contaminated with moulds in malting 50 kg; 

Figure 3 illustrates the effect of heat treatment and the add.fon of a 
lactic acid bacteria starter on the amount of kemels contaminated w.th 

Fusarium moulds in malting 1 kg. tn 
5 Figure 4 shows another apparatus for treating cereal kemels to 

decrease their mould content. 
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Detailed description of the invention 

in accordance with the invention, the mould content of cereal 
kernels is decreased by heat treatment of the kernels. The heat treatment of 
the invention also reduces the content of mycotoxins in the kernels and me 
gushing tendency of beer prepared from the treated kernels or from malt 
prepared f-om the treated kernels. The method of ttie invent,on applies 
particularly to the eduction In the amount of Fuserium moulds The cereal 
kernels to be treated In accordance with the invention are generally seed dned 
in the storage of threshed grain. They are preferably seed matenal to be 
ge^nated and especially cereal Kernels to be malted. The best results a^e 
acWeved if a so-called starter, in this case a lactic acid bactenum preparat on 
oH p^duct produced by laClc acid bacteha, is added at the genn,,«tjon 
stage to the seed material to be germinated and which seed matenal ,s t^ ed 
in accordance with the invemion. The starter has a preventn/e effect on the 
growth of microbes during the germination process. Suitable 9ra'"« <° "^^ 
treated in accordance with the Invention are e.g. barley, rye, wheat, maize and 
oats, barley being partlcularty suitable. 

The cereal kernels are exposed to heat in acconJanoe with the 
invention a. such a temperature and for such a period of time -™ 
to substantially decrease the amount of moulds without hamting the 
ger^^nability parameters, such as gerniination capacity a-d ge— 
energy It is obvious that the higher the temperature used, the shorter a 
;rn^nt time is needed. Generally it can be ^^^^^^^^ 
treatment is short and vigorous: The heat treatment of cereal kernels can be 
"nted in various ways, and a suKable temperature and -y 
depending on the used means of heat treatment. What ,s essential s mat the 
pa^meters of temperature and time of the --'^"^ "^^^.V" 
decrease the mould content considerably without harming the essential vrt^ 
functions of the kernel, e.g. germinability. A suitable ^^^^^^^'^^X 
30 can be 60 to 100-C and time 0.5 to 30 seconds, P^'^ J" '° ^° 

seconds. What is apparently crucial is the temperature reached ,n the kernel 

Kself and '-^^^^^^^^^ ^^^^ , 3 kiln. Kernels ^n ^rth^. 

be heated with high frequency waves, e.g. radio or micro waves, whereby he 
35 'tat^enurme naturally depends on Uie power of the used apparatus and the 
amolt o kernels to be treated. However, the most promising resulU have 
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been obtained by treating the kernels with damp heat. e.g. by sinking the 
kernels into hot water or treating them with steam, which is the most preferable 
way. The kernels may naturally also be treated with air containing the steam or 
water. 

5 When kernels are treated with steam, it is preferable to use over- 

pressured heated steam, and preferably in such a manner that steam .s 
sprayed from various directions onto a fairly thin layer, e.g. about 0.5 to 2 cm, 
of kernels. In practice the temperature of the used steam is generally 100 to 
140OC (overpressure 0 to 2.5 bar), preferably about 110 to 130 C 

10 (overpressure about 0.4 to 1.7 bar), more preferably 115 to 125°C 
(overpressure 0.7 to 1.3 bar) and particularly 120 to 125°C (overpressure 1.0 - 
1 3 bar) Preferably the temperature of the kernel material is raised in this 
treatment to about 70 to 85=0. more preferably to 75 to 79oC and particularly 
to 78 to 79°C whereby the recommendable treatment time is correspondingly 

15 about 1 to 15 seconds, preferably 5 to 10 seconds and particularly 4 to 6 
seconds. In practice, it is preferable to cool the kernels after the heat treatment 
to avoid overheating, which would harm the germinability. Kernels can be 

cooled e.g. with air or water. . , , 

The cereal kernel of the invention can be any cereal kernel treated 
20 in accordance with the invention. It can be e.g. a seed. i.e. seed gram, but 
preferably it is barley, rye. wheat, maize or oats to be gemiinated and 
particularly barley to be malted. The cereal kernel product of the invention is 
made of said cereal kernel. Some examples are products of the food e.g. 
milling and feed industries, but particularly products of the malting and brewing 
25 industries, such as malt, malt extract, green malt, feeds originating from the 
orocess of malting, and beer. 

The cereal kernels of the invention can be applied to be used in 
food and feed industry e.g. in milling and baking. Preferably it is used m 
malting and brewing, and in particular in the production of malt, to which lacuc 
30 acid bacteria are added during the malting process e.g. at the steeping or 
gem,ination stage. The cereal kemel products to be praduced in accordance 
with the invention are especially applicable to beer brewing. Beer >s mainly 
produced from malt, but a variable amount of non-malted grain can also be 

used therein. ^ ^ ^ 

35 An apparatus applicable to cereal kemel treatment to reduce the 

mould content is shown in Figure 1 . The apparatus comprises transport means 
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1 steam feeding means 2 and air cooling means 3. The transport means are 
p;etrariy an endiess conveyor, more preferably a conveyor beit ho^s to 
Lt steam and air though, whereby the holes have to be so sm3« that^me 
Kernels do no. fall through them. A suitable hole size for ^^''^V 's e.g. 0^5 to 
mm X 5 to 10 mm. The speed of the transport means 1 ,s preferably 
Tdiustable, for which purpose the transport means ^^'-J/^^ J/^^";, 
6 to regulate speed. In this connection the operating means 6 ^ ^ not 
LLbed in greater detail, because it is obvious for a person sK,lled ,n the art 

that It is easy to plan them in various ways. ^ . „, transoort 

, The steam feeding means 2 at the forward end of the transport 

means which direct the steam to the kernels to be treated 
at least one steam nozzle 4 and more preferably several steam nozzles 
aUnged in series to direct the steam to the kernels to be treated. Most 
p3bVthe steam nozzles are arranged in such a manner that steam can 
5 be Sprayed to the kernels to be treated from various directions, e.g. from the 
'op and the bonom. so that the heat treatment o, the — -^^^'^/^ 
equal as possible. It can also be conside«,d that steam 'ceding no^es a e 
a^anoed only above the conveyor 7. The steam feeding means 2 are 
p'ferawy adapted to overpressured steam, the overpressure being adv,saWy 
:0 attts bar. It is further preferred that the steam feeding means compnse 
means (8) to adjust the steam pressure. 

The air cooling means 3 at «,e exit end of the transport means 
which cool the steamed kernels comprise an air blowing apparatus, whtch 
TeftraC emprises at least one nozzle 5 and more preferably severe 
,5 no;2es arr^^ed in series to direct the air to the Kernels to be treated. The a,r 
c^ng m?ans are particuiariy adapted to compressed air and compnse a 
compressed air soun:e 9^ preferably further comprises a feed funnel 11 to 
.K jrL,» to the conveyor belt 7 and removing means 10 to remove 

the kernel to be fed onto the belt. The removing means 10 «""P"=.« '^^ 
turning point of the conveyor belt at which the kernels fall due to gravnat«n. 

into a co«-l^ , ^„ employed for heat treatment of 
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means 19 to treat the kernels with steam. The teea dox .s c y 

the speed of { ^ „,„e the cone and move it in the 

moving means 17, e.g. a control sere , includes flow controller 

:ers\:rL:^rxcrf 

spreading means 20 e.g. ^'^'^^ Ts ^T^^e,^ and spread the 

:r x:e:ifX^:rhr^^^^^^^^^^^^ . ..ure . ^her Kinds 

30 o, steam ^'^^^^ eomprises at ieast two 

, if^rrLed above each other, and several steam feed.ng 
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means e.g. a pipe to cool the seeds with air, or to a vessel of water to drop the 
seeds thereln.^^ ^^^^ ^ ,^ ^^^^^^ , 3, 

kernels to reduce the amount of kernels contaminated with moulds. The 
apparatus comprises a vertical steaming pipe 13 standing on a raok^ The 
barteyt fed to the apparatus through the feed box 14 and the amount of feed 
TZi^^ with the feed adjustment means 15. The barley flows through the 
T^X *rgravltation and the steam stream. The speed of the mov,ng 
baCs Iw^d'rTn with two control cones 16 and three flow controller 
means 8 The upper control cone Is connected to the pipe with <»- --'"S 
mtans 7 In the form of a screw. The upper control cone can be routed and 
:::: m e vertical direction. The thicKness of the layer of ^"^^^^^^ 
can be controlled with the gap (0-2 cm) between the upper cone and the upper 
Z. controller means. The steam is fed into the steaming p.pe On «>^^m« 
as in the apparatus of Figure 1) through steam feeding meai^s 19 
Zp'sing team spreading means 20. The surplus steam flows out wrth the 
Zted cereal seeds. The processing tin» in a 80 cm high steaming pcpe ts 
Ibou' 1 second The processing time can be extended by lengthening the 
t^ w«h adSi«onal modules. The heat -tment .s.ts oJ,.,ne 
with the apparatus of Figure 4 were s,m,lar to those obtained w,m 
apparatus ^-^^^ ^ ^^^^^^ ^^^^ ^, ^ ^^.^^ ,,3„p,e,. 

Example 1 

5 Effect of heat treatment on mould content and 

germinabllity of barley 

Lriey was heat-treated with the apparatus of Figure 1. Tab,e 1 
describes the effect of the steam temperature, steam pressure and the 

the barlev Heat treatment decreased the percentage ot oa y 
rntamla^ed with F.san.n, nioulds wHhout weaKening ^n.,nab,„ty. The 
treatment even seemed to impn^ve some gemn.naton parameters. 
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^« * * „*«.,r« t^mDerature (pressure) and treatment tempera- 
L^fand'^^tL^enfrre rb%Tr«}Su.d conlent anC aerm.nabiUty o, 

barley 



Steam temperature "C 
Temperature on belt ''C 


NO TREATMENT 


TRcA 1 WltlM 1 

115 

0.7 
75 

10 


123 

1.2 
. 78 

5 


Treatment time in se- 
conds 






Percentage of Kernels 
contaminated with Fu- 
sarium moulds 
Germination capacity % 
Germination energy 


25 

95 
97 


8 

98 
100 


1 

100 
. 100 


(4 ml) 

Germination energy 

(8 ml) 


58 


80 


89 . 



10 



IS 



20 



Example 2 . . ,. 

Malting of heat-treated bariey on the scale of 1 kg 
Kustaa barley having a protein content of 10.6 % was malted ,n 
hatches of 1 kg in a Seeger test malting device. Barley to be malted was rea- 
'^^^r^fi^ s^o^^s With the apparatus of Figure 1. The temperatures of .he 
^^am used «ere 115=C. 120=C and 125»C. Untreated barley was used as a 
J!^ Half of the barleys (containers 1 to 4) was malted immediately 
7^r Z^e.2er^Z ^^i< (containers 5 to 8) after 24 hours of storage. Sto- 
rl^e ^ok^a!I aTl5»C. The barleys were steeped as follows: 8 hours in water 
7l 3^C 16 h?ur: in d^ a. 1 5=C and 8 hours in water of 13-C. The baj^ys we^ 

: gemiinated one day a. 16=C, after which '^^'^^^^^''^^X.^.Z 
% Thereafter the barleys were still genninated 4 days at 14 C. After the ger 
lin t kilning o, the baHeys was started w«h air of SO-C and ended ^ 

°' '^°%able 2 illustrates the effect of heat treatment on barley and malts 
H» of i, Malt analyses are described e.g. in the publication Analytica- 
E^cilLn eZ^ConvenSon, published by EBC Analysis Committee, 
vfr^3 cari Getlke-Fachverlag, NQrnberg, 1998. Heat treatment dec- 
^aT«^ me l^rintage of the barley kernels contaminated with Fus^num 
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moulds and the total amount of moulds. In the scope of normal variation the 
malt analyses showed no differences. 



Table 2. Test malting 



I Container number 



Steam temperature "C 



Steam pressure bar 



Temperature on belt 



Treatment time s 



Storage at ISX 



No treat- 
ment 



115 



No treat- 
ment 



No treat- 
ment 



No treat* 
ment 



0.7 
""75" 



5 

no 



120 



1.0 



5 

no 



125 



No treatment 



1.3 



No treatment 



79 



No treatment 



No treatment 



24 h 



0.7 



75 



24 h 



120 



1.0 



78 



24 h 



BA2U£Y 



{Moisture % 



13.6 



14.4 



13.9 



(Germinationcapadty % 

I Percentage of kernels contaminated with 
iFusarium moidds 



99 



39 



jAmount of mould colonies on Sabouraud 

i dextrose agar cfu/g dm* | I.TE^OS 

MALTING PROCESS 



100 



26 



14 



5.8&H>2 1.2&»02 



14.6 I 



13.6 



99 



11 



31 



1.7E+03 



14.4 
98 



16 



14.6 
100 



12 



8.2E-K)2 I 4.7E-H)2 



125 



1.3 



79 



24 h 



14.9 



99 



Moisture after 1** steep % 



Moisture after steeping % 



Amount of germinated Kernels 1 day / 2 
days % 



Green malt moisture % 



"33:6 I 32J 



32.6 



41.5 



96/99 
48.5 



40.3 
97/98 



39.9 



49.1 



96«9 



48.4 



32.8 
40.1 



34.5 



42.1 



98/98 i 
48.8 \ 



97/96 
47.8 



33.1 



40.8 



97/99 
48.9 



33.3 



41.0 



96/97 
48.7 



MALT ANALYSIS 



iMaJt moisture % 



lExtract from flour %/d.m. 



Wort colour 'EBC 



3.7 



79.7 



2.5 



5.96 



3.6 



1 Sie" 



79.8 I 79T" 



3.8 



3.9 



79.9 



80.1 



2.5 



2.5 



2.5 |_ 



2.5 



5.96 



5.95 I 5.96 



5.96 



3.9 



80.3 



2-2 



5.96 



3.8 



80.4 



2.5 
5.96 



33.3 



41.0 
97/97 



80.3 



2.2 



5.96 



Flour-coarse extract-difference y» 



Friabillmeter. fiour % 



Friability. >2.2mm % 



Malt modification % 



Wort viscosity mPa.s 



Wortft-gtucan mg/l 



1.6 



0.8 



1.5 

"IT" 



1.8 



1.9 



2.4 



83 



83 



1.0 



1.6 



2.0 



93 



1.50 



166 



94 



88 



92 



90 



77 
1.51 



71 
1.50 



190 



193 



165 



213 



2.3 



2.3 



83 



86 



89 



73 
1.51 



68 



1-51 



187 



207 



Soluble nitrogen mg/ 100 g 



Kolbach index. % 



562 



34 



FAN mg/l 



569 
34 



563 
35 



130 



127 



565 
34 



572 



561 



35 



34 



130 



135 



135 



36 



135 



15 



15 
42 



15 
41 



15 



15 



IS 
46 



2.1 
83 



2.4 
91 



71 



1.52 
179 



585 I 547 



34 
121 



15 
47 



Saccnariftoation time min 
g-amytase DU / g dm. 



43 
260 



250 



230 



250 



260 



250 



250 



• Amount of mould colonies on Sabouraud dextrose agar (Oxold) ctu/g dmi 
•cfu/g dm -colony forming units /a gram of dry matter 



the mattiod roveals all moulds (also Fusarium) and yeasts 
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Example 3 

Malting of heat-treated barley on the scale of 50 kg 

Kustaa barley having a protein content of 10.6 % was malted in 
batches of 50 kg by means of a malting apparatus. The barley to be malted 
was treated with the apparatus of Figure 1 for five seconds. The temperature 
of the steam used was 125oC. Untreated barley was used as a comparison. 
The barley was malted Immediately after the treatment. The ^-^^^J^ 
steeped as follows: 8 hours in water of 13°C. 12 hours ,n dry at 6 C and 4 
hours in water of 13-0. 12 hours in dry at 16°C and 1 hour .n wate of 13 C. 
The blrleys were germinated one day at 16°C. after which the — e was 
requlated to 49 %. Thereafter, the barleys were still gem^.nated 4 days a 
" oc Afte^the germination, the kilning of the barleys was started w.th a.r of 

50*^0 and ended with air of 82°C. 

Table 3 describes the effect of heat treatment on barley and malts 
made of it Figure 2 illustrates the effect of heat treatment on the percenUge 
:,tmels contaminated wl«. Fas.riu. moulds at dl«erent stages^ « 
The heat treatment decreased the percentage of barley and malt kernels 
Lntamlnated with Fusarium moulds. The heat treatment also decreased the 
Te^lge of kernels contaminated with Fusanun, moulds in *e samples^ta- 
kel after steeping and gemninatlon. In the scope of nom,al vanaton the malt 
analyses showed no differences. 
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Table 3. Effect of heat treatment on barley and malt made of it 



Steam pressure "C 


No treatment 


125 


Steam pressure bar 


No treatment 


1.3 


Temperature on belt '=*C 


No treatment j 


79 


lTr*aatm^nt time s 


No treatment 1 


5 


BARLEY 


1 1 

Moisture % 1- 


13.1 


13.1 


Gemnination capacitv % ! 


99 


99 


Percentage of kernels contaminated witii 

^.loariiim mniilds 1 


29 


3 


MALTING PROCESS 




Moisture after 1"' steep % 


31.0 


31.4 - 


Moisture after steepinq % 


44.2 


43.4 


Amount of germinated kernels i cay / 
days % 


96/98 


96 / 100 


Green malt moisture % 


47.2 


48.0 


MALT ANALYSIS 


Malt moisture % 1 


4.3 


4.0 


Extract from flour % / d.m. 


80.7 


80.3 


Wort colour °EBC . . 


2.5 


2.8 




6.02 


6.00 






Flour-coarse extract-difference % 


2.1 


1.4 


Friabilimeter, flour % 


88 


89 


Friabiliity, >2.2mm % 


1.8 


1.2 


Malt modification % 


94 


98 


Homogeneity % 


78 


84 


Wort viscosity mPa.s 


1.50 


1.50 


\A/«rt a-nli IMPI ma/I 


1 144 


92 






Soluble nitroaen mg/100g 


580 


585 


Kolbacli index, % 


36 


35 


CAM mn/l 


129 


134 






Saccharification time min 


15 


15 


a-amylase DU / q d.m. 


49 


47 


Diastatic power WK / 1 00 g d.m. 


290 


290 


Percentage of kernels contaminated witn 
Fusarium moulds 


1 . 85 


41 
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ExampI 4 

Malting on the scale of 1 kg after treatment with heat and 
lactic acid bacteria starter 

Kustaa barley having a protein content of 10.6 % was malted in 

5 batches of 1 kg in a Seeger test malting device. The barley to be malted was 
treated with the apparatus of Figure 1 for five seconds. The temperature of the 
steam used was 125 °C. Untreated barley was used as a comparison. Furt- 
hermore, the effect of adding lactic acid bacteria starter was tested on malting. 
The starter, Lactobacillus plantarum VTT-E-78076, was grown in MRS broth 

10 (Oxoid) at 30°C (the growing was performed in accordance with patent appli- 
cation WO96/02141). The starter growth medium including the cells was ad- 
ded to the first and second steep water 120 ml/kg barley. The test arrange- 
ment is shown In Table 4. The barleys were steeped at 15°C as follows: 8 
hours in water, 13 hours in dry, 3 hours in water, 1 1 hours in dry and 1 hour in 

15 water. The barleys were germinated one day at IS'C, after which the moisture 
was adjusted to 49 %. Thereafter, the barleys were still gemninated 4 days at 
14°C. After the germination, the kilning of the barleys was started with air of 
50°C and finished with air of 82''C. - 

Table 4 describes the effect of heat treatment on barley and malts 

20 made of it. Figure 3 illustrates the effect of heat treatment on the percentage 
of kernels contaminated with Fusarium moulds at different stages of malting. 
The heat treatment decreased the percentage of barley and malt kernels 
contaminated with Fusarium moulds. The heat treatment also decreased the 
percentage of kernels contaminated with Fusarium moulds in the samples ta- 

25 ken after steeping and germination. Treatment with a starter combined with 
heat treatment further decreased the percentage of kernels contaminated with 
Fusarium moulds. In the scope of nonnal variation the malt analyses showed 
no differences. 
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Table 4. Test malting 



Container number 1 


1 


2 


3 


4 


Steam temperature °C 


No treatment 


No treatment 


125 


125 


Steam pressure bar 


No treatment 


No treatment j 


1.3 


1.3 i 


Temperature on belt "C 


No treatment 


No treatment j 


79 


79 ! 


jJreatment time s 


No treatment 


No treatment | 5 


5 


1 Starter addition 


No treatment 


Starter | No treatment 


Starter | 


BARLEY 


Moisture % 


13.2 


13.2 


16 


16 


Germination.capacity % 


98 


98 


98 


98 


Percentage of kernels conta- 
minated with Fusarium moulds 


16 


16 


0 


0 


MALTING PROCESS 




M«ietiiro aftftf 1" SteSD % i 35.9 


35.8 


34.7 


34.8 1 


Moisture after steepina % 


44.6 


43.3 


42.6 


41.7 1 


Amount of germinated kemels 1 
dav/2days % 


99/98 


94/97 


96/98 


90/95 

• 


Green malt moisture % 


44.5 


45.0 


46.7 


46.7 


MALT ANALYSIS 










Malt moisture % 


3.8 


3.7 


3.7 


3.8 


Extract from flour % / d.m. 


79.8 


80.3 


80.1 


79.9 


Wort colour "EBC 


2.8 


2.8 


2.8 


2.8 


Wort oH 


6.12 


6.05 


6.1 


6.02 






Flour-coarse extract-difference % 


3.2 


3 


1.7 


1.8 1 


Friabilimeter. flour % 


80 


82 


87 


86 


Friabilitv. >2.2mm % 


4 


2.8 


1 


1.6 


Wort viscosity mPa.s 


1.51 


1.46 


1.53 


1.53 


Wnrt (X-aluran ma/I 


183 


127 


107 


118 






Soluble nitroaen mg/lOOg 


584 


616 


605 


583 


Kolbach index. % 


35 


37 


36 


36 


FAN ma / 1 


117 


131 


119 


119 






Saccharification time min 


15 


15 


15 


15 


a-amylase DU / g d.m. 


41 


43 


37 


36 


Diastatic power WK / 100 g d.m. 


220 


260 


230 


230 


Percentage of kernels conta 
minated with Fusarium moulds 


46 


29 


2 


0 
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Example 5 

Effect of various methods of heat tr atment on mould content 
and germinability of badey 

The same Kustaa barley as above was used in the tests. 50 g of 
5 barley was steeped in 5 litres of warm water, after which the barley was cooled 
in water of 10°C (8 I) for 20 seconds. 25 g of barley was heated in a micro- 
wave oven and was let to cool at room temperature. The test arrangements 
are shown in Table 5. The sinking of barley in warm water decreased the per- 
centage of the kernels contaminated with Fusarium moulds, while the ger- 
10 minability remained good. The micro-wave oven treatment also decreased the 
Fusarium contamination. A longer treatment time in the micro-wave oven also 
decreased germinability. 

Table 5. Effect of various methods of heat treatment on the percentage of 
15 kernels contaminated with Fusarium moulds 



Definition 


Un- 
treated 


Sinking in water for one 
second 


Micro-wave 
oven (800 W) 


Temperature **C 


Time s 


60 


70 


75 


80 


90 


10 


20 


Percentage of ker- 
nels contaminated 
with Fusarium 


20 


21 


15 


6 


3 


2 


13 


3 


Germination energy 

(4 ml) 


100 


79 


97 


100 


95 


99 


99 


8 


Germination energy 
(8 ml) 


93 


73 


70 


67 


84 


88 


70 


1 



Example 6 

Dormant barley heavily contaminated with Fusarium moulds was 
20 treated as disclosed in Example 1. The effects of the steam temperature 
(pressure) and the treatment temperature and treatment time on the belt were 
studied on the mould content and germinability of barley. The results are given 
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in Table 6. In the treatment, Fusarium moulds could be eliminated without in- 
terfering with the germinability parameters. ' 

Table 6. Treatment of dormant barley heavily contaminated with Fusarium 



10 



15 





NO TREATMENT 


TREATMENT 


Steam temperature °C 




125 


Steam pressure bar 




1.3 


Temperature on belt °C 




79 


Treatment time seconds 




5 


Percentage of i<erneis conta- 


90 


0 


minated with Fusarium moulds 






Germination capacity % 


97 


97 


Germination energy (4 mi) 


17 


8 


Germination energy (8 ml) 


5 


5 



20 



25 



It is apparent to a person skilled in the art that the basic idea of the 
invention can be implemented in various ways. The invention and the embo- 
diments thereof are thus not restricted to the above examples but may vary 
within the scope of the claims. 

Example 7 

Kymppi bariey which was heavily contaminated with Fusarium 
moulds was malted in batches of 1 kg. The barley was treated with the appa- 
ratus shown in Figure 1 in the same way as in Example 4. The effects of heat 
treatment on the mold content and gushing tendency were determined. 

The proportion of kernels contaminated with Fusarium moulds was 
assayed on Czapek Iprodion Dicloral agar (CZID agar. Difco) specific for Fusa- 
rium moulds, according to a method described by Abildgren et al. (Lett. Appl. 

Microbiol. 5 (1987) 83-86). 

The proportion of kernels contaminated with Aspergillus and Peni- 
cillium moulds (storage fungi) was assayed on Malt Salt agar (MSA. Difco) 
specific for Aspergillus and Penicillium moulds, according to a method descri- 
bed in EBC. Analytica Microbiologica. Part 2. 1991. 

The proportion of kernels contaminated with field fungi (for example 
Altemaria, Cephalosporium, Cladosporium. Epicoccum, Stemphyliurri) was as- 
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sayed on wet fitter paper, according to a method described in EBC, Analytica 
Microbiologica. Part2, 1991. 

The gushing tendency was assayed according to a method descri- 
bed by Vaag et al. (Eur. Brew. Conv. Proc. 24^ Congr., Oslo 1993, 155-162). 

5 jhe results are shown in Table 7. The effects of heat treatment on 

Fusarium moulds of barley, barley after steeping, barley after germination and 
kilned malt were similar to the results shown earlier. Furthermore, the proporti- 
on of barley kernels contaminated with Aspergillus and Penicillium moulds 
(storage fungi) and field fungi was decreased without loss of germinability. The 

10 gushing tendency decreased to zero in malt prepared from the treated barley. 
The gushing tendency in the malt made from untreated barley was high (128 

g). 



BNSDOCID: <WO_002S595A1_I_> 



wo 00/25595 



PCT/FI99/00904 



20 

Table 7. Malting Kynippi bariey heavtty contaniiiated Mith Fusarium moulds 

HEATTREfVUVlENr 
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Example 8 

Robust barley which was heavily contaminated with DON toxin was 
malted in batches of 1 kg. The barley was treated with the apparatus shown in 

5 Figure 1 in the same way as in Example 4. The Fusarium toxins trichothe- 
cenes) such as deoxynivalenol (DON) and 3-acetyldeoxynivalenol (3-ADON) 
were determined as trimethylsilylether derivatives by a gas chromatograph 
equipped with a mass selective detector (GC-MSD). Zearalenone and ochra- 
toxin A were separated and quantified by reverse phase HPLC equipped with 

10 a fluorescence detector. The moulds were determined as in Example 7. The 
results are shown in Figure 8. 

The effect of heat treatment on Fusarium moulds of barley, barley 
after steeping and kilned malt was similar to the results shown earlier. The 
germinability was good in all cases. Furthermore, the proportion of kernels 

15 contaminated with Aspergillus mould decreased in malt prepared from heat- 
treated barley number 1 . The gushing tendency decreased to 1 g in malt pre- 
pared from heat-treated barley number 2, The gushing tendency in the unt- 
reated malt was 26 g/ Surprisingly; a significant reduction of mycotoxins (7-50 
%) in bariey and malt was achieved by the heat treatment. 

20 

Example 9 

Storage of heat-treated and dried Kustaa bariey was investigated. 
Bariey was treated with the apparatus shown in Figure 1 in the same way as in 
Example 4. After the heat treatment the moisture content of the bariey was 

25 14.3 %. The bariey was dried 3 hours at 45 "^C in a test malting device (See- 
ger). After drying the moisture content of the bariey was 7,9 %. The bariey was 
stored in closed vessels at 5 ""C and 23 °C. The germination energy (4 and 8 
ml), germination capacity and the Fusarium and storage fungi contaminations 
were determined as described above during a period of 4 months. The results 

30 are shown in Table 9. No growth of Fusarium moulds or storage fungi could be 
detected. Also the gemnination of the bariey remained unchanged at both 
temperatures during a period of 4 months. 



BNSOOCID: <WO 0025595A1J_> 



wo 00/25595 



PCT/FI99/00904 



22 



Table 8. Malting Robust bariey heavUy contaminated with DON toidn 




3'ADON toxin mg/kg 
Zearalenone mg/kg 
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Table 9 

Storage of heat-treated and dried Kustaa barley 




Storage of barley at 5 ""C: 



Storage 
time 



before 
treatment 



Germination 
energy (4 ml) 



Germination 
energy (8 ml) 



3 months 

4 months 



Germination 
capacity 

(H2O2) %_ 



Fusarium mould 
contaminated 

kernels % 




Storage fungi 
contaminated 
kernels % 
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. Claims 



10 



1 A method of treating cereal kernels to decrease their mould 
content, c'ha racterized by exposing the kernels to heat at such a 
temperature and for such a period of time that the mould content of the kernels 
decreases but germinability remains, whereby the temperature of the kernels 
to be treated is raised to 60 to 1 00»C for 0.5 to 30 seconds. 

2 A method as claimed in claim 1, characterized by 
exposing the kernels to heat at such a temperature and for such a period of 
time that the Fusarium mould content of the kernels decreases but the 

gemninability remains. . ^ kw 

3 A method as claimed in claim 1. characterized by 
exposing the kernels to heat at such a temperature and for such a period of 
time that the mycotoxin content of the kernels decreases but the gemi.nabil.ty 

15 remains. ^ , . ^ tr. r> 

4 A method as claimed in any of claims l to cs, 

characterized by the kernels to be treated being kemels to be 
gemn.nated^ n^ethod as claimed in claim 3. c h a r a c t e r i z e d by treating 

20 barley to be malted. ' • ^ u 

6 A method as claimed in claim 1 or 5. characterized by 
exposing the kemels to heat at such a temperature and for such a penod of 
time that the gushing tendency of beer prepared from sa.d kernels .s 

decreased. ^ • ^ « ^ kw 

25 7 A method as claimed in claim 4 or 5. c h a r a ct e r i z e d by. 

after the treatment, adding lactic acid bacteria at the germination stage to the 

kernels to be germinated. .... 

8 A method as claimed in any one of the preceding claims, 
c h a r a c t e r i z e d by performing the heat treatment with damp heat. 
30 9. A method as claimed in claim 8, characterized by 

performing the heat treatment with steam. 

1 0 A method as claimed in claim Q.character.zedby raising 
the temperature of the kemels to be treated to 70 to 90°C for 1 to 15 seconds. 

1 1 . A cereal kernel, c h a r a c t e r i z e d in that it is treated with the 
35 method as claimed in any one of claims 1 to 1 0. 
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1 2. A kernel as claimed In claim 1 1 , c h a r a c t e r i z e d in that it is 

barley to be malted. 

1 3. A cereal kernel product, characterized in that it is made 

of the cereal kernel as claimed in claim 1 1 . 
> 14. A kernel product as claimed in claim 13, characterized in 

that it is malt. 

15. Use of the kernels as claimed in claim 11 in malting, brewing, 

food or feed industry. 

16. The use as claimed in claim 15. c h a r a c te r i z e d in that the 
D cereal kernels are used in malting, wherein lactic acid bacteria are added 

during the malting process. 

17. Use of the cereal kernel product as claimed in claim 13 or 14 in 

brewing, food or feed industry. 

18. An apparatus for treating cereal kernels to decrease their mould 
5 content, characterized in that it comprises transport means (1) to 

transport the cereal kemels. steam feeding means (2) to treat the cereal 
kernels with steam and air cooling means (3) to cool the cereal kemels with 
air, whereby the steam feeding means are adapted upstream of the air cooling 
means in the transport direction of the transport means. 
>0 19. An apparatus as claimed in claim 18. characterized in 

that the transport means (1 ) comprise an endless conveyor belt (7) with holes 
and operating means (6) for regulating the speed of the conveyor belt. . 

20. An apparatus as claimed in claim 18 or 19, characterized 
in that the steam feeding means (2) comprise means (8) for regulating steam 

25 pressure and several steam nozzles (4) arranged above and below the 
conveyor belt and that the air cooling means (3) comprise a compressed air. 
source (9) arranged to feed several air nozzles (5). 

21. An apparatus for treating cereal kernels to decrease their mould 
content, characterized in that it comprises a feed box (14) to feed the 

30 kemels, a vertical pipe (13) containing a control cone (16) to disperse the 
kernels, and steam feeding means (1 9) to treat the kemels with steam. 

22. An apparatus as claimed in claim 21, characterized in 
that it comprises at least two control cones (16). the upper one of which 
comprising cone moving means (17). and several steam spreading means (19) 

35 in the form of rings with holes, said rings encircling the inner surface of the 
pipe (13). 
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